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1678 Zhao et al indicated that the successful management of diabetes relies on sufficient diabetes-related self-care activities (DRSCA) to control disease progression. 5 However, it is not an easy task for people with T2DM to perform DRSCA daily and to incorporate DRSCA into their daily lives. 6 This was seen, for example, in a cross-sectional study conducted in 15 Chinese cities showing that only 13.6% of the patients achieved glycosylated hemoglobin (HbA1c) , 6 .5%. 7 In order to promote the overall well-being of patients with T2DM, it is important for healthcare staff to focus on both DRSCA and health. 8 The most cited DRSCA included, but were not limited to, medication adherence, regulating diet, physical activity, blood glucose monitoring, and foot care. 9 The importance of DRSCA for patients has been noted by a number of researchers. 10 Although a vast array of factors associated with self-care activities have been identified, 10 the explanation for the reason why patients fail to perform self-care activities remains insufficient. 11 Ways to encourage and empower patients with T2DM to increase their DRSCA levels through the provision of support information have therefore been receiving increasing attention. [12] [13] [14] [15] [16] Embracing this philosophy of empowering patients requires that patients are knowledgeable and active collaborators in their own care. 15, 16 In addition, patients should be supported to make informed decisions to achieve their self-care goals. 15 Consistent with this approach, additional information about the influence of DRSCA is needed to support patients in diabetes care. A meta-analysis confirmed that perceived benefits, as one important component of the health belief model, 17 were significantly associated with better DRSCA. 18 Of note, the evidence shows a paucity of published studies about motivational information encouraging DRSCA. 10 Besides the benefits in blood glucose control, 5 DRSCA may have other positive effects and may help to reduce psychological distress and improve physical health by a regular lifestyle. Among people with diabetes, perceived stress, anxiety, and fatigue are common. [19] [20] [21] These individuals have higher perceived stress levels than the general population. 21 People with diabetes are also likely to have clinical anxiety and experience subclinical anxiety, the prevalence of anxiety being 14%, and elevated anxiety symptoms 40%. 20 Furthermore, the prevalence of fatigue is high and has been documented in 61% of people with diabetes. 19 As perceived stress, anxiety, and fatigue are common among people with T2DM and they have to perform DRSCA daily, every effort to encourage performing DRSCA is needed. Sufficient DRSCA can lead to improved physical health 5 and may also influence psychological health. A comprehensive understanding of the association between DRSCA and negative feelings such as perceived stress, anxiety, and fatigue would provide new information for diabetes care. This new and supportive information may help patients be more responsible and self-determined in their daily self-care.
In the present study, DRSCA are assumed to be associated with perceived stress. Perceived stress is defined as the degree to which individuals appraise situations as stressful in their lives when the demands exceed the individuals' ability to cope with them. 22 In people with diabetes, the disease itself is an additional stressor. Perceived stress can protect the body in the short term but affects the immune system in the long run and has been widely linked to poor health outcomes. 23 It was recently suggested that self-care-oriented behavior could be a way to improve the ability to manage stress in health promotion. 24 Despite the recommendation, 24 there is little evidence available regarding the association between DRSCA and perceived stress. Recent studies have indicated that occupation 25 and physical activity 26 are associated with perceived stress. In addition, exploring whether actively taking initiative to conduct DRSCA is associated with reduced stress can provide important information for diabetes stress management.
In the present study, DRSCA are assumed to be associated with anxiety. Anxiety disorder is defined by sleeping problems, behavioral disturbance, excessive worry, irritability, and muscle tension. 27 Diabetes itself may induce anxiety as individuals perceive the necessity of unwanted lifestyle changes and the risk of diabetes-related complications. 28 Failure to reach target blood glucose levels is therefore associated with psychological distress. 29 The intended influence of self-care activities includes a decrease in the anxiety that is often associated with chronic illness. 30 This implies that performance of DRSCA may relieve psychological distress, such as anxiety. However, there is a lack of evidence as to whether DRSCA are actually associated with reduced anxiety.
In the present study, DRSCA are assumed to be associated with fatigue. Fatigue is defined as a decrease in the capacity to perform physical and/or mental tasks. 29 Uncontrolled blood glucose levels are indicated to be indirectly associated with fatigue in patients. 31 Moreover, the severity of diabetes symptoms 29 and blood glucose level 32, 33 are strongly associated with fatigue. It seems that DRSCA showing benefit for blood glucose level and diabetes symptoms may associate with fatigue. Therefore, it is often assumed that fatigue is diminished by following the diabetes treatment regimen and keeping the disease under control. This has not been empirically tested, however. 
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Diabetes self-care activities on stress, anxiety and fatigue
In view of understanding the role of DRSCA on perceived stress, anxiety, and fatigue, which might benefit future efforts to promote DRSCA, this study aimed to 1) evaluate the level of DRSCA, perceived stress, anxiety, and fatigue among patients with T2DM; 2) evaluate the possible association between participants' background information and DRSCA, perceived stress, anxiety, and fatigue; and 3) evaluate whether DRSCA is associated with stress, anxiety, and fatigue.
Patients and methods study design and participants
A descriptive and cross-sectional survey with self-report questionnaires was adopted using convenience sampling for data collection. To participate in the survey, participants had to be 18 years or older and diagnosed with T2DM $3 months and without serious complications or cognition impairment. Participation was voluntary, and the participants provided written informed consent. The sample size calculated for multiple regression analysis (fixed model, R 2 increase) was 230, with an alpha of 0.05, the power of 0.90, the effect size set at 0.10, and the number of tested predicted factors and the total number of predicted factors set at 12 in G*Power statistical software. 35 
ethical consideration
The study was approved by the ethics committee of a university-affiliated hospital in China in 2015 (120/2015). Permission for data collection was granted by hospital administrators. Participants gave written informed consent before enrollment once the explanation of the objective of the study and the anonymity of data were ensured. The permission to use the instruments was obtained from the copyright holders via email where permission for use was required.
Data collection
The study was conducted in two tertiary-level universityaffiliated hospitals in Nantong city, eastern China. Data were collected over the period from summer 2015 to summer 2016. Researchers and/or research assistants administered the surveys in Mandarin or in local dialect to adults with T2DM recruited from the hospitals by convenient sampling. Before carrying out the survey, the research assistants were trained to follow standardized procedures. The training for the research assistants included information about the survey, its objectives, the meaning of the questions, the procedure, interviewing techniques, ethical issues, and questionnaire coding. If needed, the questionnaire items were read out and explained to the participants by the investigators.
The participants were given daily necessities such as bars of soap to thank them for their time. Three hundred ten persons agreed to take part in the survey (response rate ~70%). After excluding incomplete questionnaires and those reporting only hospital care as past week's self-care activities, 251 valid completed questionnaires were included in the study analysis.
Measures Background information
The background information included age (in years), sex (female/male), education (less than college education/ associate degree or advanced), family history of diabetes (yes/no), experience of symptoms before diagnosis (yes/no), duration of diabetes (in years), and whether the subject had received standard diabetes education before the survey (yes/no) and social support. Social support was measured using the Social Support Scale 36 including 10 items and the following three components: subjective support, objective support, and utilization of support. One item of the scale has five questions, and the score was summarized from the five questions. Each question was scored from 1 to 4. Two items were scored from 0 to 9 according to the number of support resources. A higher score indicates a higher level of social support. The scale has good reliability and validity. 36 Social support scores #44 are defined as low level, and scores .44 are defined as high level. 37 Diabetes-related self-care activities DRSCA were measured using the Chinese version of the Diabetes Self-Management scale. 38 Developed based on the diabetes DRSCA scale, 9 it measures the level of DRSCA. It includes five dimensions: regulating diet, physical activities (continuous physical activity such as housework and/or walking for .30 minutes per day), medications, self-monitoring of blood sugar, and foot care. Each item is scored from 0 to 7, a higher score indicating a higher level of self-care. The eightitem version was used, and five factors explained .90% of the variance. 38 
Perceived stress
Perceived stress was measured by the 10-item Perceived Stress Scale (PSS-10), a short version of the 14-item PSS-14 developed by Cohen et al. 22 It was designed to measure the degree to which situations in ones' life are appraised as stressful. 22 The scale options were scored from 0 (never) to 4 (very often). A higher PSS-10 score indicates higher perceived stress. Cronbach's α of the Chinese version of PSS-10 was 0.86, the test-retest reliability was 0.68, and the exploratory factor analysis yielded two factors accounting for 62.41% of the variance. 39 
Anxiety
Anxiety was measured by the Zung Self-Rating Anxiety Scale (SAS) with 20 items forming a single dimension. 40 For each item, the response options were from "1= none or a little of the time," to "4= most of the time." The raw score (range 20-80) was converted into an "Anxiety Index" score by multiplying by 1.25. The commonly used cutoff score for diagnosing clinical anxiety is 50. 41 The scale had split-half reliability 0.71 40 and good concurrent and convergent validity and discriminant validity. 42 The Chinese version of the Anxiety Scale is a valid instrument for use with Chinese samples. 43 
Fatigue
The 14-item Fatigue scale including two dimensions of physical fatigue and mental fatigue 44 was used to measure the severity of fatigue. A Mandarin Chinese version of the 14-item Fatigue scale was used. In our study, a bimodal (0-1) scale was used instead of a 4-point (0-3) Likert scale in rating all items. Specifically, the responses were scored from 0 (none) to 1 (yes), while items 10, 13, and 14 were scored reversely, a higher score reflecting more serious fatigue. The scale was found to be both reliable and valid. Cronbach's α for all items ranged from 0.88 to 0.90. The scale demonstrated good sensitivity and specificity using an arbitrary cutoff score of 3/4. 44 The Chinese version of the fatigue scale is reliable and valid among Chinese adults in the general population. 45, 46 statistical analysis Data were analyzed using the SPSS 23.0 (IBM Corporation, Armonk, NY, USA). Errors such as data transfer errors and outliers were removed from the data. 47 The excluded outliers lie outside the range Q1 (first quartile) −1.5× interquartile range (IQR) or Q3 (third quartile) +1.5× IQR. The number of missing values in study variables in the valid questionnaires was ,2% and was imputed using the expectation-maximization method. In the data analysis, descriptive statistics including percentage, mean, and SD was presented to describe the data. Cronbach's αs were calculated for the scales. Independent sample t-test was conducted to explore the association of background information with perceived stress, anxiety, and fatigue, and Pearson's correlation analysis was used to reflect correlation between the main study variables.
Hierarchical multiple regression analysis was used to explore the associations between DRSCA and perceived stress, anxiety, and fatigue while adjusting for background information. In step 1, the covariates included in the significant background information based on t-test on perceived stress, anxiety, and fatigue were adjusted for. In step 2, the significant association between perceived stress, anxiety, and fatigue in correlation analysis was entered. In step 3, the DRSCA were added to the model. Standardized coefficients were computed to present the strength of association between the variables in the regression model. A P,0.05 was considered to indicate statistical significance. R 2 values for the dependent variables represented the amount of variance explained.
Results
Background information
After excluding three outliers, the analysis was run on a data set with 248 questionnaires. The age of the participants ranged from 22 to 85 years (M=59.5, SD =13.3), with 38.3% $65 years. About half were men (56%). The average diabetes duration was ~10 years (M=9.9, SD =8.3, range 0.5-37), and 68.1% of the participants had diabetes $5 years. Less than half (43.5%) had not experienced symptoms before diagnosis, and the majority of the participants did not have a family history of diabetes (73.4%). Only 25% had college education or above, and 42.7% of the participants had received standard diabetes education before the survey. About half (48%) of the participants felt that they had high social support (Table 1 ).
The description of DrscA, perceived stress, anxiety, and fatigue
In the study population, the score of DRSCA was slightly higher than middle level, the perceived stress level was slightly below middle level, and fatigue was at middle level. The standard score for anxiety was ,50. Based on the diagnosis cutoff value in China, the score showed that most participants did not have clinical anxiety (19% possibly having clinical anxiety in this study). However, the anxiety score may still be used as a tool to evaluate the degree of anxiety. The Cronbach's αs for the scales, ranging from 0.64 to 0.9, were also reported to be acceptable (Table 2) . 48 Association between background information and perceived stress, anxiety, and fatigue
In our study, women and participants who had diabetes for .5 years were more likely to have anxiety and women 
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Diabetes self-care activities on stress, anxiety and fatigue were also likely to have perceived stress. Participants who had diabetes for .5 years, had received standardized diabetes education, and had high social support were more likely to have better DRSCA (Table 3) . correlation between DrscA, perceived stress, anxiety, and fatigue
Pearson correlation coefficients showed that DRSCA had a significant negative correlation with perceived stress. The correlation between the perceived stress and anxiety was positive, as was the correlation between anxiety and fatigue (Table 4) .
hierarchical multiple regression analysis for the associations between study variables
Hierarchical multiple regression analysis was used to analyze the association between DRSCA and perceived stress, anxiety, and fatigue. Covariates for the analysis were chosen based on the statistical significance level from t-test and Pearson's correlation analysis (Table 5) .
For the dependent variable perceived stress, at step 1, sex was significantly associated with perceived stress (β=0.149, P=0.019). At step 2, anxiety was introduced and was significantly associated with stress (β=0.374, P,0.001). At step 3, DRSCA were significantly associated with perceived stress after adjusting for sex and anxiety (β=−0.220, P,0.001). The model explained 20.2% of the variance in perceived stress. Excluding the influence of demographics and anxiety, DRSCA explained an additional significant 4.8% of the variance.
For the dependent variable anxiety, at step 1, sex (β=0.239, P,0.001) and diabetes duration (β=0.125, P=0.043) were significantly associated with anxiety. At step 2, perceived stress and fatigue were entered; perceived stress (β=0.375, P,0.001) and fatigue (β=0.213, P,0.001) were significantly associated with anxiety. At step 3, DRSCA were not significantly associated with anxiety after adjusting for sex, diabetes duration, perceived stress, and fatigue (β=0.049, P=0.402). The variance of anxiety explained by the model was 25.4%. Excluding the influence of demographics and fatigue, DRSCA were not significantly associated with anxiety.
For the dependent variable fatigue, at step 1, anxiety was significantly associated with fatigue (β=0.207, P=0.001). At step 2, DRSCA were not associated with fatigue (β=−0.031, P=0.623). The model explained 4.4% of the variance in fatigue. Excluding the influence of anxiety, DRSCA were not significantly associated with fatigue.
Discussion
The results of the study showed that the score of DRSCA, perceived stress, and fatigue was around middle level, and the anxiety value indicated that most participants did not have clinical anxiety. The perceived stress score index in this population was similar to a previous study conducted in India, 49 the fatigue level corresponded with a previous report in people with T2DM, 50 and the prevalence of anxiety corresponded with a previous report 51 but was lower than that reported in other studies. 43, 52 The score index of DRSCA in the study was similar to the results of some other studies. 53, 54 Although the score index of DRSCA was around middle level, it was still higher than in other studies, [55] [56] [57] indicating that the level of DRSCA was in general not optimistic. However, no clear conclusions can be drawn in comparison with previous studies; the discrepancies may be due to differences in the patients' cultural background and situation.
In the first step of the hierarchical regression analyses, we found that sex was associated with perceived stress and anxiety while diabetes duration was associated with anxiety. Women were more likely to experience stress and to be at risk of anxiety, in line with previous findings. 43 This finding may possibly be explained by the gender-specific roles and social role of women, which may expose them to more stress and more emotional burden compared with men. 52 The independent samples' t-test results showed that participants who had diabetes for .5 years, had received standardized diabetes education, and had high social support were more likely to have better DRSCA. The role of social support on DRSCA is supported by previous studies. 58, 59 Long-term disease (.5 years duration) was significantly associated with higher anxiety scores. The result was consistent with previous studies. 43, 60 The possible reason may be that chronic disease significantly increases the risk of developing diabetic complications and increases healthcare expenditure; 61 as a result, such patients are more likely to develop psychological illnesses 43 such as anxiety. However, this study showed that patients with longer diabetes duration had more experiences 
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Diabetes self-care activities on stress, anxiety and fatigue and showed better levels of DRSCA, which may indirectly relieve anxiety through the link from improved DRSCA to reduced stress. Unlike previous studies, 51, 62, 63 we also found that social support had no association with perceived stress, anxiety, and fatigue. The connection with social support may be mediated through other factors. A previous study showed that social support was associated with subsequent mental health through resilience. 64 Another explanation was that social support may tend to be associated with higher levels of stress, anxiety, and fatigue, which were not high in this population. However, further exploration of their levels of relevance may be warranted.
The study indicates that a high level of DRSCA was significantly associated with lowered perceived stress, confirming the earlier suggestions that self-care could reduce perceived stress. 24 Stress can cause blood glucose to increase or to become unstable, which is why reducing perceived stress would be beneficial for patients with diabetes. Empowering patients to persist with DRSCA is important in diabetes management. 56 Setting measurable and achievable goals for daily DRSCA may be helpful in terms of motivating people and minimizing perceived stress. This finding implies that stress can be an outcome evaluated in diabetes management. In addition, performing DRSCA is a positive coping method to reduce perceived stress among patients. Thus, it is suggested that the consequences of performing DRSCA may well extend beyond blood glucose control and have positive influence on reducing perceived stress. However, this finding needs to be confirmed in further interventional studies. The findings also demonstrated that perceived stress correlates with anxiety, which is consistent with the study of Zhang et al. 51 The average age of participants and the percentage of college education level in this study were similar to a previous study. 51 People with more education seemed more likely to be employed and find a job providing more healthpromoting benefits such as health insurance, paid leave, and retirement. 65 A previous study showed socioeconomic status to be linked to mood disorders and anxiety. 66 Therefore, education level may indirectly influence stress and anxiety through financial support for health and wellness while health insurance may be directly associated with stress and anxiety. In this study, we did not investigate the participants' socioeconomic status and health insurance in detail, which may have an influence on stress and anxiety. In future, it is suggested that new research should be undertaken to shed light on these influences.
In this study, we also found that DRSCA did not associate with reduced anxiety. A reason for this may be that depression 25, 55 and perceived stress 51 account for a significant contribution to anxiety. Another potential explanation for the insignificant statistical association may be that DRSCA imposed some restrictions on patients' lives, which may have offset the positive influence of the DRSCA. The present study indicates that DRSCA were associated with reduced perceived stress while perceived stress was associated with anxiety. Therefore, DRSCA may reduce anxiety indirectly. In our study, DRSCA were not directly associated with fatigue. Given that blood glucose control was associated with fatigue, 31 further research is needed to elucidate whether DRSCA have an indirect influence on fatigue through controlling blood glucose. Fritschi and Quinn 29 summarized that limited research directly associates emotional distress in diabetes with fatigue. In the present study, anxiety as a kind of emotional distress was shown to be associated with fatigue, which is in accordance with a study among patients with multiple sclerosis. 67 Besides anxiety, a previous study showed that poor sleep quality 31 and pain 50 were 
Limitations
The study had some limitations, and interpretation of results should thus be done within the context of our methods. First, the cross-sectional design of the study does not allow drawing definite conclusions about the causal association between self-care activities and perceived stress, anxiety, and fatigue. However, the results of this study provide some evidence for a future intervention study to confirm the causality of the concepts. Second, the generalization of the results should be approached with caution. We only surveyed participants in two hospitals in China by convenient sampling; using a wider national sample was not possible due to time and budget limitations. Our none-probability sampling method may impact the representability of the area where the study was conducted. We evaluate the possibility of bias as not substantial as there is a wide age range and close to gender balance in our study: according to medical records, the population with T2DM of these two hospitals generally had a balanced gender ratio and were aged from 19 to 90+ years. The gender ratio and mean age in this study were also similar to a previous study among patients with T2DM conducted in this area. 68 However, the none-probability sampling is more likely to recruit more cooperative patients without serious disease. Therefore, research with random sampling from multiple districts in China would enable wider generalization of the results in the future.
Third, we did not include HbA1c in our study. Its important association with emotional distress and fatigue has been noted in previous studies. 29, 32, 33 The mediating effects of HbA1c between DRSCA and emotional distress with fatigue call for investigation. We focused only on the association between DRSCA and perceived stress, anxiety, and fatigue. Analysis including HbA1c would be important as a part of large-scale future research.
Fourth, self-report measures may be subjective to response bias and the overestimation of behavior performance. 69 The sensitivity of the instruments also needs further consideration. Nevertheless, the instruments have been shown to be valid and reliable, and as one of the most feasible data collecting methods, self-report measures can offer actionable information despite the limitations. 70 Finally, the percentage of variance in the regression model was not high, implying that other associated factors such as socioeconomic status need to be explored further. In spite of the limitations, the study reveals additional information about the association between DRSCA and perceived stress, anxiety, and fatigue, which enriches the understanding of the role of DRSCA among patients with T2DM.
Conclusion
The findings suggest that improving the level of DRSCA might effectively reduce perceived stress in people with T2DM. As the DRSCA in T2DM are demanding on a daily basis, this information can be used to encourage people to take care of themselves actively. These results can be used in developing empowering educational interventions for this group of people. Although our study showed that DRSCA have no influence on anxiety and fatigue, it does provide potential information for clinical practice to consider. As the cross-sectional design prevents drawing direct causal connections, further interventional studies are needed.
